The distinction between long-germ and short-germ insects is a classic one in evo-devo, yet a common genetic mechanism may underlie germband extension in all insects, even all arthropods.
When Gerhard Krause coined [1] (and Klaus Sander later elaborated [2] ) the terms long-, intermediate-or short-germ to classify insect embryos, he was referring to the proportion of segments determined prior to gastrulation. Longgerm insects, such as the fruit fly Drosophila melanogaster, specify most of their segments simultaneously at the blastoderm stage, before gastrulation partitions the ectoderm, mesoderm and endoderm. By contrast, short-germ insects start gastrulation with only a few segments, and then add segments more progressively from an undifferentiated 'growth zone' at the posterior end [3] . Taken at face value, one may think that long-and short-germ insects must use quite distinct mechanisms to elongate their anteroposterior body axis: the former extend a preset amount of germband tissue via convergentextension cell movements [4] [5] [6] , while the latter incorporate more tissue into the germband via cell proliferation [7] . In vertebrates, both processes contribute to axis extension [8] . However, the pattern and extent of cell proliferation in insect growth zones do not appear consistent with a proliferation-driven segmentation model [3] . Moreover, recent findings suggest that in a short-germ insect, the beetle Tribolium castaneum, germband extension by the growth zone may rely on cell rearrangements too [9, 10] . In light of this, one may speculate that a common cell movement-based mechanism for germband extension is employed in all insects. But how do we know if this is the case? One way of testing this is to look for a common molecular mechanism of germband extension in a diverse range of insects. In a recent Current Biology paper, Benton et al. [11] looked within and beyond insects, and argue that the last common ancestor of all arthropods may have utilized a set of Toll receptors to instruct germband extension, similar to the situation in Drosophila [12] .
In Drosophila, it has long been established that the gene network that controls segmentation -in particular, the pair-rule genes -also drives germband extension [4] [5] [6] . Genetic links between the upstream pair-rule transcription factors and the planar cell polarization of the germband epithelial cells required for convergent extension recently emerged [12] . The Toll receptors, Toll-2, Toll-6, and Toll-8, which are expressed in characteristic stripe patterns, are downstream targets of the pair-rule gene even-skipped and required for germband epithelium planar cell polarization and cell intercalation ( Figure 1B , D, E) [12] . These Toll receptors belong to a distinct subgroup of Toll genes better known for their roles in cell adhesion and communication than in innate immunity [13] [14] [15] . Given that Toll receptors are of an ancient origin dating back to the last common ancestor of all eumetazoans [14] , it is plausible that homologous Toll receptors exist in other insects and non-insect arthropods. However, the Drosophila segmentation network is considered to be highly derived with respect to the ancestral mode [3, 7] . Is the control of the Toll receptors by the segmentation network just another fruit fly innovation [16]? Or, is this an ancient feature of the system? The quickest way of finding out is to look for striped expression of the Toll receptor homologues in various arthropod species.
Benton et al. [11] did exactly that. With a strategically sampled dataset composed of three other holometabolus insects (the short-germ beetle Tribolium castaneum, the intermediate-germ milkweed bug Oncopeltus fasciatus, and the long-germ wasp Nasonia vitripennis), one hemimetabolus insect (the shortgerm cricket Gryllus bimaculatus), one amphipod crustacean (Parhyale hawaiensis), one myriapod (the centipede Strigamia maritima) and one chelicerate (the common house spider Parasteatoda tepidariorum) ( Figure 1A ), the authors reconstructed the phylogenetic relationships of Toll homologues in these species. Several Toll homologues from each species clustered with the pair-rule regulated Toll-2, 6, and 8 of Drosophila. The authors gave this clade of Toll receptors a whimsical name Loto (Long-Toll), since its members are characterized by more leucine rich repeats, extracellular motifs predicted to mediate intercellular adhesion and communication [14] . Most strikingly, at least one Loto gene from each surveyed species shows a stripy expression pattern ( Figure 1C ). This suggests that Loto genes are regulated by the segmentation network.
However, are they actually required for germband extension? The authors Figure 1E ) is defective upon Loto RNAi. Taken together, the authors postulate that segmentally expressed Loto genes might constitute an ancestral axis extension mechanism dating back to the last common ancestor of all arthropods. It has been proposed that the segment polarity genes that specify segment boundaries, such as engrailed, wingless and hedgehog, characterize a 'phylotypic stage' of arthropod embryonic development, as they are remarkably conserved across all arthropods, despite great variations in the upstream segmentation network [7] . If indeed the Loto genes, as proposed by Benton et al. [11] , encode an ancient mechanism for segment extension downstream of the segmentation network, then we should extend the phylotypic stage concept to include not only segment boundary formation but also axis extension within any given segment. In this new light, one may start to envision the segment as a truly autonomous building block of the arthropod body plan, with a built-in mechanism to drive its own morphogenesis once it is specified [18] . This leads to the fascinating question of how this building block may have evolved at the dawn of segmented animals.
As pointed out by the authors [11] , some technical limitations call for cautious interpretation of some of the data. Direct observation of cell intercalation defects upon Loto RNAi was only feasible in the anterior-most blastodermal segments of Tribolium during germband condensation. These segments are specified prior to gastrulation, and thus are not part of the growth zone per se. The fact that germband extension is severely affected in growth zone segments suggests that Tolls might have a common function in cell intercalation in both the blastodermal and the growth zone segments [9, 10, 19] . However, direct observation of cell movements in the growth zone is lacking. Therefore, it will be important to elucidate whether and, if so, how Lotos regulate cell intercalation within the growth zone. Along the same line, direct evidence for the role of Lotos in regulating cell behavior during Parasteatoda germband extension will greatly enhance the mechanistic validity of the proposed ancient 'morphogenetic module'.
The study by Benton et al. [11] opens up several future lines of inquiry. First, in other arthropod groups, such as crustaceans and centipedes, what roles do the Loto genes play during segmentation and axis elongation? Second, as the Toll genes predate the diversification of all bilaterians, do they play a role in axis extension in nonarthropods too? If we walk away from arthropods and look into another group of segmented protostomes belonging to the superphylum Lophotrochozoa, the annelids, where pair-rule genes may not be involved in segmentation [20] , do we expect to see Lotos at play downstream of a heterologous segmentation network? Last but not least, the proposed model for Loto function in Drosophila describes a precise combinatorial positional code [12] . In light of the likely conserved function of Tolls in a diverse range of species and tissue contexts, an important future question is how such a code would work? What are the molecular mechanisms linking Toll receptors and intracellular planar polarity? Answers to these questions will provide greater insights into the evolution and mechanism of Toll genes in embryonic morphogenesis [14] . 16 Bacterial CRISPR-Cas systems acquire short sequences, called spacers, from viruses and plasmids, leading to adaptive immunity. The diversity of spacers within natural bacterial populations is very high. New data now explain how spacer diversity strengthens resistance of the bacterial population to phage infection.
Viruses that infect bacteria (phages) shape bacterial population abundance and community structure in numerous habitats worldwide. The continuous evolutionary arms race between bacteria and phages resulted in the appearance of a broad range of defense mechanisms in bacteria and a high, mostly unexplored diversity of anti-defense strategies in phages. Bacteria have evolved two kinds of defense systems. Innate-immunity systems include restriction-modification systems [1] , argonaute-based RNAi-like mechanisms [2] , abortive infection [3] , and other systems that serve to restrict incoming foreign DNAs [4, 5] . Many bacteria also utilize CRISPR-Cas systems, which represent the adaptive defense system of prokaryotes. As part of CRISPR-Cas defense, bacteria acquire short sequences (spacers) from the genomes of phages or plasmids, and insert these spacers into the CRISPR array locus to build the immune memory. Transcription products of newly acquired spacers are then used as molecular guides by Cas proteins to degrade complementary foreign nucleic acids. The natural diversity of spacers within bacterial populations is known to be very high. Thousands of different spacers can be found in natural bacterial communities, from the very simple communities in Antarctic snow samples [6] to more complex ones like the human gut microbiota [7] . This diversity leads to a population in which otherwise clonal bacteria contain different spacers against phage invaders [8] . The benefit of spacer diversity is now explained in a recent study by van Houte et al. [9] , who, using experimental infection studies, have shown that phages cannot overcome CRISPR-Cas defense by point mutations in their genomes when spacer diversity in the population is sufficiently high.
van Houte et al. [9] established a coevolutionary experimental system using Pseudomonas aeruginosa and its phage, DMS3vir, and monitored viral titers at certain time points after infection. Firstly, they showed that phages that infected bacteria lacking CRISPR-Cas persisted in the experimental system during 30 days of co-incubation, whereas phages that infected bacteria containing a type I-F CRISPR-Cas system went extinct at five days post-infection. They found that bacteria with CRISPR-Cas developed immunity through the acquisition of new spacers, whereas CRISPR-less bacteria developed immunity through mutations that led to loss or masking of the surface receptor recognized by the phage.
The authors were surprised by the rapid extinction of phages upon infection of CRISPR-containing bacteria because phages can in principle gain point mutations to rapidly escape CRISPR-Cas immunity. They suspected that spacer diversity within the population may be responsible for this effect, and therefore designed an experiment in which they generated bacterial populations with varying levels of spacer diversity: monocultures, in which all bacteria contain a single spacer against DMS3vir, and polycultures consisting of equal mixtures of clones each carrying one distinct, but different, spacer against the phage. The authors then experimented with populations containing either 1, 6, 12, 24 or 48 clones, with each clone carrying a different individual spacer against DMS3vir. All bacterial populations were infected by DMS3vir and viral titers were monitored over time. The results were quite striking: whereas populations with low initial spacer diversity led to phage persistence and escape from CRISPR immunity, phage became extinct in those populations with high spacer diversity (Figure 1) .
van Houte et al. [9] further showed that after one day of co-incubation, phages infecting the monocultures developed
